Normal mammary epithelial cells from BALB/cfC3H middpregnant mice were freed from stromal cell types by Percoll density gradient centrifugation after collagenase digestion and were then embedded within collagen gels. Sustained growth leading to an increase in cell number was accomplished in response to cholera toxin and high concentrations of horse serum. The extent of growth was found to be dependent on the horse serum concentration, the maximum growth being attained at 50%. A serum concentration of 12.5% horse serum and 2.5% fetal calf serum, along with cholera toxin at 0.01 Lg/ml, allowed maintenance but failed to cause any significant increase in cell number during the experimental period of 2 weeks. This same maintenance medium was used to determine the effects of various exogenously added steroids, protein hormones, and organ extracts on the proliferation of mammary epithelial cells in culture. Hormones failed to elicit any proliferative response, but extracts of kidney, brain, uterus, and spleen produced proliferative responses equal to or greater than the response obtained with 50% horse serum and cholera toxin. Kidney extracts prepared from midpregnant mice, virgin mice, and virgin mice given pituitary isografts all showed comparable activities, suggesting that the concentration of stimulatory factor(s) was not influenced by the hormonal status of the donor. Normal mammary epithelial cells that had undergone a 10-to 15-fold increase in cell number over initial values during 2-3 weeks in culture were passaged to secondary gel cultures. Outgrowths similar to those seen in primary culture were seen again in secondary culture. The present system provides a method for sustaining growth in culture of primary mammary epithelial cells from normal tissues.
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Classical endocrinology involving organ ablation and hormone therapy has developed the concept that pituitary, ovarian, and adrenocortical hormones are involved in mammary gland development (1, 2) . Detailed analysis, however, requires an in vitro system in which the direct mitogenic effect of hormones can be assessed on appropriate target cells for prolonged periods. Early studies using organ and fragment cultures have shown insulin and growth factors to be the major factors responsible for mammary cell proliferation, but not the in vivo mammogenic hormones, an observation presenting a paradox with the in vivo situation (1, 2) . Even insulin and the growth factors have been shown to cause only one or two rounds of DNA synthesis in vitro (3) (4) (5) (6) and never a sustained growth.
Recent studies indicate that, while estrogens have a direct mitogenic effect on a human mammary tumor cell line (MCF-7) (7) as assessed by an increase in cell number, estrogen mitogenicity cannot be demonstrated on the MTW9/PL mammary cell line (8) . It has been proposed for the latter case that estrogen acts indirectly on the target cells through the production of intermediary growth factors that in turn promote growth of the mammary cell line (18) . An inherent limitation of the use of established cell lines to elucidate the role of hormones is that the results may not be indicative of the hormones' physiological role in vivo. A better system seems to be primary culture, which is more closely related to the situation in vivo. Many investigators have contributed in the development of primary monolayer cultures of mammary cells (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . However, the major difficulty with primary mammary culture has been an inability to sustain continuous growth with a multifold increase in cell number characteristic of mammary cells in vivo during certain physiological and pathological states. Therefore, the demonstration of mammary cell proliferation in primary monolayer culture has been limited primarily to [3H]thymidine incorporation (9) (10) (11) (12) (13) (14) (15) . Recent cell culture studies (6, (16) (17) (18) (19) (20) have used cell counting to quantitate the effects of hormones and growth factors on the growth of mammary cells in primary monolayer culture. These studies have shown growth-promoting effects of various hormones and growth factors, but the cell number increase has been rather limited.
We have recently developed a system of embedding cells inside a collagen gel and have shown sustained growth of mammary tumor epithelial cells, leading to a multifold increase in cell number, in primary culture (24) . The present study describes the use of this culture system to promote sustained growth of normal mammary epithelial cells in primary culture. In addition, preliminary results on growth regulation of normal mammary epithelial cells in culture are presented in an attempt to delineate the role of hormones in mammary cell proliferation.
MATERIALS AND METHODS
Cell Dissociation. Normal mammary glands from midpregnant (8-12 days) BALB/cfC3H mice were dissociated according to the procedure described (25) (26) . Approximately 3 X 107 cells were mixed with 30 ml of 42% Percoll, (12. 6 ml of Percoll, 1.4 ml of lOX Waymouth medium, and 16 ml of saline A) and centrifuged at 10,000 X g for 1 hr. Epithelial cells, which band preferentially at a higher density (1.07-1.08 g/ml) compared to stromal cell types (fibroblast and others), were collected, pelleted, and counted. In some cases, cells were layered on top of preformed gradients generated by prior centrifugation at 10,000 X g for 30 min and centrifuged at 800 X g for 15 min. Culture Procedure. Collagen solution and gel were prepared as described (27) . Briefly, 1 g of rat tail collagen fibers was sterilized in alcohol overnight and dissolved in 300 ml of 1:1000 acetic acid in sterile distilled water; the supernatant after centrifugation at 10,000 X g for 30 Fig. 2 . Concentrations of various hormones were as follows: insulin, 10 ,ug/ml; prolactin, 5 jg/ml; cortisol, 0.5 ,g/ml; estradiol, 0.005 ,pg/ml; progesterone, 0.5 jtg/ml; aldosterone, 1 ,g/ml. Extract Effect of Steroids and Protein Hormones. A concentration of 12.5% horse serum and 2.5% fetal calf serum, with cholera toxin at 0.01 ,ug/ml, in the medium maintained cell number but failed to cause any significant increase compared to the initial value within a period of 2 weeks. This basal medium was then used in subsequent studies as a "maintenance" medium to determine the proliferative potential of steroid and protein hormones and to compare their effects with the effect obtained with the optimal combination of 50% horse serum and cholera toxin. Protein hormones (insulin and prolactin) and steroids (estradiol, progesterone, cortisol, d-aldosterone, and testosterone), singly at various dosages, showed little, if any, proliferative effect on mammary epithelial cells, as shown in Fig. 2 . Similarly, various combinations of these steroids and protein hormones also failed to show any proliferative effect on mammary epithelial cells, as shown in Fig. 3 4 and 5. We have also observed a stimulatory effect of urine extracts on mammary cell proliferation, but the response was found to be lower than that achieved with organ extracts. Because kidney was found to be a rich source for stimulatory activity, further analyses were performed on kidney extract. Extract alone elicited proliferative response, and the inclusion of cholera toxin resulted in synergism. This synergism between kidney extract and cholera toxin is shown in Fig. 6 . Kidney extracts were then prepared from mice of different physiological states. As shown in Fig. 7 , the level of stimulatory activity did not seem to be affected by the hormonal status of the donor. In now accomplished this goal. Percoll gradient centrifugation removes the stromal cell types sufficiently so that fibroblast overgrowth does not take place. In addition, cholera toxin, known to cause an irreversible increase in intracellular adenylate cyclase activity, is also known to inhibit proliferation of fibroblasts (29) . Cholera toxin is also a positive stimulus for normal mammary epithelial cell proliferation, because its deletion results in a significantly lower increase in epithelial cell numbers. Interestingly, the tissue content of cyclic AMP in rat mammary gland rises continuously to the end of pregnancy, ney extract dose suggesting that the growth and development of the gland are presence (0) and related to the tissue content of cyclic AMP (34) . That the cholera iolera toxin at 0.01 toxin effect on mammary epithelial cells might be mediated mammary epitheby cyclic AMP is also implied by our finding that replacement am's F12 medium of cholera toxin by agents (prostaglandin El and E2, isoprote-% horse serum, renol, theophylline, dibutyryl cyclic AMP) known to increase ,rum, and various the level of cellular cyclic AMP also favors proliferation of these ey extract. A dose cells (35 (37) and bovine epithelial lens cells (38) . Moreover, synergism of cholera toxin with extracts (37) and with epidermal growth factor (EGF) (30) has also been reported recently. The nature of the growth factor(s) in various tissue and urine extracts has not been detetrmined, but it has been reported that urine is a relatively rich source of EGF (39) and that EGF has a stimulatory effect on mammary epithelial cells (18, 40, 41 estrogen in vivo is to induce an intermediary growth factor (8) . In contrast, in our studies using normal mammary epithelial cells in primary culture, the stimulatory activity found in the kidney extract was found not to be affected by the physiological status of the donors. A possible alternative to the hypothesis of hormonal involvement in inducing an intermediary growth factor(s) is that conventional hormones may have an indirect effect by somehow making the mammary cells responsive to a rather ubiquitous growth factor(s). Experiments using kidney extracts prepared by dialysis in tubings of two different molecular weight cutoffs seem to suggest that the factor may be larger than 13,000 daltons. However, it is possible that a higher molecular weight form of smaller growth factor may exist, as has been reported for EGF (45) . The ultimate role of classical hormones in mammogenesis must await development of serum-free conditions for sustained growth of primary mammary cells, as well as identification of the mitogen(s) present in various extracts. Additionally, it will be necessary to demonstrate that the outgrowths derived in serum-free conditions, inside a collagen gel matrix, contain all the epithelial components of the mammary tree and are not a selected population. That mammary glands may contain two epithelial cell populations responding to different growth factors has been previously suggested (5, 46) . Finally, our system will greatly facilitate other studies that may be dependent on the proliferation of normal mammary epithelial cells. Mammary epithelial transformation is one such area in which growth may increase the period when cells are vulnerable to transformation; once transformed, the cells would increase their number, allowing further analysis. This system may increase the incidence of transformation compared to that achieved in the monolayer system (47) . The system is also amenable to studies requiring growth of representative cell populations from normal tissues and isolation of individual cell types from these populations for further growth studies and cell type analysis.
